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ABSTRACT 

In the electronics industry the Low Power Comparator 
using High Speed in Analog to Digital Converters. In 
electronic device Comparator are mostly used in 
Analog to Digital converter (ADC). In ADC are used 
for the delay produced and power consumed by an 
ADC. I design a 0.18pm CMOS Comparator for 
High-Speed Application. The advantages of 
programmable hysteresis to the comparators are also 
discussed. Tanner EDA is used for the design and 
simulations for the comparator circuits the difference 
between the proposed comparator to the existing 
double tail comparator result are produced. 

Keyword: Low power Comparator, Analog to digital 
converter, two stage CMOS amplifier, Tanner EDA, 
CMOS 

INTRODUCTION 

In analog-to-digital converters, data transmission 
applications, switching power regulators and many 
other applications comparator are used. The input 
voltages are compared by comparator and produce a 
a binary output . While using small supply voltage is 
compared to high speed comparator is more 
challenging process. In other words, high speed 
transistors with increased width and length values are 
required to the reduce the supply voltage. Transistor 


thickness and extent are modify for low power 
consumption and high operating speed. Hysteresis in 
the comparator circuit is applied by a small portion of 
the output voltage to the positive input. Hysteresis 
relate to the comparator circuit to reduce the circuit 
reactivity to noise and produce the output if the input 
in the state will be change slowly. 

A model for the comparator is designed and output is 
produced and comparison results are obtained for the 
proposed model and the existing model. To design the 
existing model is tanner EDA tool. The research paper 
is organized as follows: an introduction to CMOS 
comparator is given and high speed comparator 
architecture with properties for each structure will be 
discussed. And last stage is simulation result for all 
the architecture will be shown and discussed. 

CIRCUIT DESIGN ANALYSIS 

The two-stage CMOS amplifier is a first comparator 
with output inverter has three stages. Differential 
amplifier is the first stage, common-source amplifier 
is the second stage, and inverting buffer is the third 
stage. The input bias current is designed for IpA. The 
bias current of the proposed current mirror of two 
gain stages is 3pA. The two analog input voltages are 
connected to the differential pair. The reference 
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voltage in this circuit is “Vim”. In circuit design the 
speed is more important than gain, the length of the 
transistor to be 0.18pm. NMOS transistors have 
higher mobility than PMOS transistors because 
NMOS differential pair can be used. 

The widths of the input differential pair are NMOS1- 
NMOS2 will be increased due to the gain of the first 
stage of the amplifier. A common source amplifier is 
used for the overall gain of the amplifier. The goal 
is to reduce high parasitic capacitance of transistor 
PMOS2 causes delay in the first input stage and the 
area of common source transistor PMOS2 will be 
increases. The third stage will be inverter buffer 
stage add the gain and also increases slew rate 
of the circuit. The design of the circuit is shown in 
Fig.l for each transistor. 



Fig. 1.First comparator: Output inverter of two 
stage CMOS amplifier 


Hysteresis concept is used to reduce the noise in the 
first comparator circuit. Hysteresis is defined as 
difference between the upper threshold voltage (VTH) 
and Lower threshold voltage. Hysteresis can reduce 
circuit sensitivity and also reduce multiple transitions 
at the output. By using hysteresis the response of the 
comparator is shown in fig. 3 

VTH = Upper threshold voltage 
VTL = lower threshold voltage 



Fig 3: Comparator response to noise signal after 
adding hysteresis 

To reduce the effect of noise in the circuit in the first 
comparator by using hysteresis. An unbalanced 
differential pair is added to the first comparator circuit 
by using programmable hysteresis. The simplified 
comparator circuit is shown in fig. 4. 


The design of first comparator circuit shown in Fig.l 
and have some problem and the difference between 
the two analog inputs will be zero. In the comparator 
circuit output also caused by noise. The noise present 
in a comparator circuit are follow as unnecessary 
power consumption and produces a wrong result. In 
fig.2 The input noise signal cause the output. 



Fig 2: Comparator response to noise signal without 
hysteresis 
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Fig 4: Second comparator: Two-Stage Amplifiers 
with an Unbalanced Differential Pair 

The second comparator circuit can be of a two stage 
CMOS amplifier with unbalanced differential pair and 
output inverter. An unbalances the input differential 
pair by a second differential pair NMOS4-NMOS5. 
The gates of the second differential pair are attached 
to the output signals provide positive feedback (or) 
hysteresis. The second differential pair provide 
hysteresis bias current and form a current mirror of 
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the transistor NMOS3-NMOS6. The second 
differential pair the size will be small they introduce a 
little parasitic capacitance to the input differential 
amplifier. The amount of hysteresis can be 
programmed by varying hysteresis current. The first 
and second comparator circuit of the propagation 
delay can be calculated as 

Tpd = Tphl+Tplh/ 2 

Where TPHL and TPLH are the time difference 
between 50% of the output and 50% of the input. 

The propagation delay for double tail comparator 
circuit can be calculated as 

Tpd = To + Tlatch 

During simulation the power consumption for all 
circuit can be generated. 

SIMULATION RESULT 

The simplified comparator with the existing Double 
tail comparator will compare all circuits have been 
simulated in a 0.18 pm CMOS technology with VDD 
= 1.8v. All simulation are execute using Tanner EDA 
tool. The simulation results and table has showed all 
the result indicates from the graphs. 



Tknm (ms) 

Fig 5: Sine wave input for First comparator 
circuit output 



Fig 6: Pulse wave input for First comparator 
circuit output 



Fig 7: Pulse wave input for Second comparator 
circuit output 



Fig 8: Calculation of first and second comparator 
circuit of propagation delay 
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Fig 9: Double tail comparator circuit of Transient 
simulation 



Fig 10: Calculation of double tail comparator 
circuit of total delay 
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TABLE 1 Summary of Comparators Performance 


Parameter 

s 

CMOS 
Comparat 
or without 
Hysteresis 

CMOS 
Comparat 
or with 

Hysteresis 

Double 

Tail 

Comparat 

or 

Technology 

180nm 

180nm 

180nm 

Voltage 

Supply 

1.8v 

1.8v 


Propagatio 

n 

Delay(TPD 

) 

141ns 

190ns 

50ns 

Avg. Power 

Consumpti 

on 

4.591pw 

6.46pw 

21.37pw 
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CONCLUSION 

The design of two different comparator circuits with 
their operation and simulation result. A table produces 
a value of different parameter during the simulation. 
Based on theoretical analysis, we designed second 
comparator circuit in which we successfully reduced 
the effect of noise in the comparator output. The 
simulation result shows that comparator circuit with 
hysteresis absorb one third of the total power 
consumed by double tail comparator circuit. The 
Propagation delay result show double tail comparator 
faster than comparator circuit with hysteresis. Further 
research can be done on decreasing the delay for the 
comparator circuit with hysteresis. 
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